Two experiments show that eye fixations land nearer to the beginning of misspelled than correctly spelled beginning words during sentence reading. The effect holds regardless of whether the previous word is easy (high frequency) or difficult (low frequency) to process. In Experiment 1, the misspelled words were directly fixated. In Experiment 2, a saccade contingent change technique was used such that the words were always correctly spelled once they were fixated. The results show that non-foveal orthography influences where words are first fixated regardless of foveal processing load.
Introduction
As we read text, information is extracted both from the currently fixated word and from text that has not yet been fixated. Preprocessing of non-fixated text enables selection of the next saccade target, both in terms of which word is fixated next and where within the word the next fixation is positioned. A number of sentence reading studies have now shown that non-foveal orthography influences where words are first fixated (Hyö nä, 1995; Radach, Inhoff, & Heller, 2004; Vonk, Radach, & van Rijn, 2000; . Despite this, none of the current detailed models of eye movement control in reading try to provide a full explanation of orthographic influences on saccade targeting to words (Engbert, Longtin, & Kliegl, 2002; Kliegl & Engbert, 2003; Reichle, Pollatsek, Fisher, & Rayner, 1998; Reichle, Rayner, & Pollatsek, 1999 Reilly & Radach, 2003; Yang & McConkie, 2001) .
Two types of explanation have been suggested in order to explain orthographic influences on fixation positions. First, salient features (such as irregular orthography) ''attract'' the eye such that this influences the saccade programming computation (Beauvillain & Doré, 1998; Findlay & Walker, 1999; Hyö nä, 1993; Hyö nä & Bertram, 2004; Pynte, Kennedy, & Ducrot, 2004) . Critically, such an ''attraction'' mechanism may be independent of foveal processing difficulty. We will refer to this as the ''attraction based account''.
The second possibility is that the influence of orthography on fixation positions might be linked to ongoing linguistic processing, we will refer to this as the ''processing based account''. Studies that have used reading time as a measure of preprocessing have suggested that foveal load can reduce non-foveal preprocessing (Henderson & Ferreira, 1990; Kennison & Clifton, 1995; Schroyens, Vitu, Brysbaert, & dÕYdewalle, 1999; . However the processes that determine when and where the eyes move can be different (Radach & Heller, 2000; Rayner & McConkie, 1976; Rayner & Pollatsek, 1981) . Therefore, although foveal load may influence non-foveal preprocessing as shown by reading times, the same effect may not necessarily hold for measures of where the eyes move. Nevertheless, Hyö nä and Pollatsek (1998, 2000) have suggested that processing load may influence saccade targeting. Hyö nä and PollatsekÕs suggestion was originally designed to account for morphological influences on saccade targeting. They suggested that foveal and non-foveal processing difficulty reduces the extent of text processing, and also that the extent of processing influences where the eyes move. A strong version of their account predicts that unfamiliar non-foveal orthography produces processing difficulty, which in turn reduces the extent of preprocessing and therefore shortens saccades to the non-foveal word.
Crucially, any account of orthographic influences on landing positions that is related to ongoing linguistic processing, in which both foveal and non-foveal processes impact on the same cognitive processor, and in which there is preferential processing of the foveal word over the non-foveal word, predicts an interaction between the effects of foveal difficulty and non-foveal orthography on fixation positions (see Liversedge & Underwood, 1998) . That is, when foveal processing is easy, non-foveal words can be preprocessed to a substantial extent, and therefore non-foveal orthography will influence where the eyes move. However, when foveal processing is difficult, non-foveal preprocessing will be reduced and consequently there will be reduced effects of non-foveal orthography on fixation positions. Therefore, in contrast to the attraction based account, a processing based account may predict that the influence of non-foveal orthography on fixation positions is modulated by foveal load. The present study attempts to distinguish between these two possibilities by investigating whether there is any effect of foveal load on the influence of non-foveal orthography on saccade targeting.
In the current study two consecutive words were manipulated within each sentence, we will refer to these as word n (the foveal word) and word n + 1 (the non-foveal word). The difficulty of the foveal word (word n) was manipulated by word frequency. Many previous studies have shown that word frequency modulates processing difficulty (see Rayner, 1998 for a review). Word n was either frequent, and therefore easy to process (e.g. famous), or infrequent, and therefore more difficult to process (e.g. nimble). Similar to , the orthography of the non-foveal word (word n + 1) was manipulated by misspelling one letter within the word. The second letter of word n + 1 was either correct (e.g. performer) or incorrect (e.g. pwrformer). In Experiment 1, the spelling of word n + 1 remained constant throughout the experiment and so the misspelled words could be fixated. Experiment 2 used the saccade contingent change technique to test whether the results of Experiment 1 held when misspellings were presented in non-foveal vision but misspelled words were not fixated. The analyses that we conducted in both experiments were primarily concerned with measures of where the eyes move (saccade targeting). However, reading time measures are also reported in order to confirm that our manipulations of processing load were effective.
Experiment 1: Saccades to misspelled words
Experiment 1 tests two main hypotheses. First, both the attraction and processing based accounts of saccade programming in reading predict that first fixations should land nearer to the beginning of word n + 1 when it has an orthographically irregular word beginning (misspelled) compared to an orthographically regular word beginning (spelled correctly). Secondly, the processing based accounts predict that there should be an interaction such that the effect of non-foveal orthography (spelling of word n + 1) on programming of saccades into word n + 1 should be reduced or eliminated when foveal processing load is high (infrequent word n) compared to when it is low (frequent word n). In contrast, the attraction hypothesis suggests that the effects of non-foveal orthography on initial fixation positions should hold regardless of foveal load.
In addition, previous research suggests that reading times will be longer on infrequent compared to frequent words (e.g., Inhoff & Rayner, 1986 ) and on misspelled compared to correctly spelled words (e.g., Zola, 1984) . A similar experiment that used misspellings at the beginning of long words ) also suggests that refixations will be more likely to be directed to the left of the initial fixation position when there is a misspelling at the word beginning, compared to when the words are spelled correctly.
Method

Participants
Forty-four native English speakers at the University of Durham were paid to participate in the experiment. The participants all had normal or corrected to normal vision and were naïve in relation to the purpose of the experiment.
Apparatus
Eye movements were monitored using a Dual Purkinje Generation 5.5 eye tracker. Viewing was binocular but only the movements of the right eye were monitored. The sentences were displayed on a screen at a viewing distance of 70 cm. Three and a half characters subtended 1°of the visual angle. The resolution of the eye tracker is less than 10 min of arc and the sampling rate was every millisecond.
Materials and design
Word frequencies and case-insensitive n-gram frequencies were calculated using the CELEX English word form corpus (Baayen, Piepenbrock, & Gulikers, 1995) . There were two variables, foveal difficulty and non-foveal orthography, which were manipulated within participants and items.
Foveal processing difficulty was determined by the frequency of word n. The word frequencies in counts per million for word n were significantly lower for low frequency words (M = 1, SD = 1) than high frequency words (M = 182, SD = 205), t(47) = 6.11, p < 0.01. Word n was five or six letters long (M = 5.5, SD = 0.5) and the word lengths were matched within each experimental sentence.
Non-foveal orthography was determined by the spelling of the second letter of word n + 1.
1 Word n + 1 was always nine or ten characters long (M = 9.3, SD = 0.4) and the mean word frequency in counts per million was 36 (SD = 44). Position specific n-gram frequencies were calculated in counts per 17.9 million. The initial trigrams of the misspelled word n + 1 did not occur at the beginning of any word in the English language. The initial type and token bigram frequencies were significantly lower when word n + 1 was misspelled (type: M = 3, SD = 7; token: M = 85, SD = 237) compared to when it was spelled correctly (type: M = 887, SD = 616; token: M = 215,675, SD = 285,439), ts > 5, ps < 0.01.
Each of the 48 word n + 1 items was preceded by either one of the 48 low or one of the 48 high frequency word n. Word n and word n + 1 were embedded in sentence frames, which were otherwise identical for each condition. Each of the sentences was no longer than one line of text (80 characters) and word n + 1 appeared approximately in the middle of the sentence. Most of the sentences included context relevant to word n + 1 at the beginning of the sentence. See Table 1 for examples of experimental sentences. For a full list of materials see: www.dur.ac.uk/s.j.white/publications.html.
Four lists of 78 items were constructed and eleven participants were randomly allocated to each list. Each list included 48 experimental items of which 12 items were from each of the four conditions. The conditions were rotated following a Latin square design. There were 15 misspelled filler items, each including one word with a misspelling, these misspellings were in a variety of word lengths and in a variety of positions within the word and the sentence. There were also 15 filler items that were spelled correctly. Therefore half of the 78 items contained a misspelling. Twenty-six of the sentences were followed by a comprehension question to ensure that participants concentrated on understanding the sentences. The sentences were presented in a fixed random order with six filler sentences at the beginning.
Procedure
Participants were instructed that some sentences would contain misspellings but that they should read and understand the sentences to the best of their ability. A bite bar and head restraint were used to minimise head movements. The participants completed a calibration procedure that included the presentation of nine calibration points, the software calculated the position of eye fixation on this basis. The calibration accuracy was checked after every few trials during the experiment. After reading each sentence the participants pressed a button to continue and used a button box to respond ''yes'' or ''no'' to comprehension questions. The entire experiment lasted approximately 30 min.
Analyses
Fixations shorter than 80 ms that were within one character of the next or previous fixation were incorporated into that fixation. Any remaining fixations shorter than 80 ms and longer than 1200 ms were discarded. Landing positions, saccade extents and launch sites were recorded as character integers and means were calculated to one decimal place. The analyses included the space before the words except for the following. Only saccades actually launched from word n (not the space before) were included in the analyses of saccades (landing positions, saccade lengths, launch sites) into word n + 1. Such a procedure helped to ensure that fixations launched from word n were involved in Table 1 Examples of experimental sentences and critical words After the circus act the famous/nimble performer (pwrformer) stood to receive the applause Jen worried about her short/obese appearance (azpearance) though really she looked beautiful At the meeting the whole/rowdy committee (ctmmittee) voted against the planning application The workers arranged a party for their tired/suave colleague (cslleague) before he retired
The slashes denote the high and low frequency word n, respectively. The misspelled word n + 1 is shown in parentheses.
processing of word n, and therefore provided the strongest possible test of the processing difficulty hypothesis. Seven percent of trials were excluded due to either no first pass fixations on the sentence prior to word n or tracker loss or blinks on first pass reading of word n or n + 1.
Results
Gaze durations (the sum of fixations on a word before leaving it), refixation probability (for cases in which the words were fixated on first pass) and spillover fixation duration (duration of fixation after leaving a word either to the left or right) are reported in Table 2 and are briefly summarised below. First fixation and total time measures produced similar patterns of effects to gaze durations. Landing positions and incoming saccade extent 2 were analysed for the initial first pass fixation on word n + 1. The direction of the second fixation on word n + 1 was calculated for cases in which word n + 1 was refixated. We report the proportion of second fixations directed to the left of the initial fixation position (note that the proportion of second fixations directed both to the left and to the right sum to one). Repeated measures Analyses of Variance (ANOVAs) were undertaken for the variables of foveal processing difficulty (frequent, infrequent) and non-foveal orthography (correctly spelled, misspelled) with participants (F 1 ) and items (F 2 ) as random variables. The mean error rate on the comprehension questions was 7% indicating that participants read the sentences properly and understood them. Table 2 shows that gaze durations were longer on word n if it was infrequent than if it was frequent, but there were no spillover effects (i.e. effects of frequency on subsequent fixations). These results are inconsistent with studies, that show spillover effects of word frequency (see Experiment 2) but are consistent with other studies in which effects of word frequency are spatially localised to the word that induced those effects (Henderson & Ferreira, 1990 , 1993 Raney & Rayner, 1995) . Importantly, the longer reading times on word n when it was infrequent, compared to when it was frequent, show that the manipulation of foveal processing load was effective.
Reading time measures
Table 2 also shows that gaze durations and spillover fixations were longer on word n + 1 when it was misspelled compared to when it was spelled correctly. These results support previous studies (Inhoff & Topolski, 1994; Rayner, Pollatsek, & Binder, 1998; Underwood, Bloomfield, & Clews, 1988; Zola, 1984) , showing longer reading times on misspelled, compared to correctly spelled, words. The effects suggest that the misspelled words were more difficult to process than the correctly spelled words. Table 3 shows the mean landing positions and saccade lengths for saccades into word n + 1 that were (101) 272 (90) 286 (104) 277 (104) 7 À8 Mean gaze duration (GD), refixation probability (Refix) and spillover fixation duration (SP) for word n and word n + 1. Standard deviations in parentheses. Mean effects of word frequency and spelling. Note: * = p < 0.05, ** = p < 0.01. For the probability of refixating word n + 1 there was no significant interaction between frequency and spelling (Fs < 2.7, ps > 0.11). There were also no interactions between spelling and frequency for any of the other measures (Fs < 1.1).
Fixation positions: Frequency of word n
launched from word n.
3 Mean first fixation landing positions were significantly nearer the beginning of word n + 1 when word n was infrequent (M = 4.32) compared to when word n was frequent (M = 4.52), F 1 (1, 43) = 4.38, p = 0.04; F 2 (1, 47) = 6.33, p = 0.02.
Saccades to word n + 1 were also significantly shorter if word n was infrequent (M = 7.52) compared to when it was frequent (M = 7.73), F 1 (1, 43) = 4.71, p = 0.04; F 2 (1, 47) = 8.23, p < 0.01. Therefore landing positions on, and saccade lengths into, word n + 1 were farther into and longer when foveal processing on word n was easy compared to when it was difficult. Although some previous studies have shown similar effects of foveal difficulty on subsequent saccade programming (Kennedy, Pynte, & Ducrot, 2002; Liversedge & Underwood, 1998; Rayner, Ashby, Pollatsek, & Reichle, 2004) others have not (Kennison & Clifton, 1995; Rayner, Kambe, & Duffy, 2000) .
Fixation positions: Spelling of word n + 1
Mean first fixation landing positions were significantly nearer the beginning of the misspelled word n + 1 (M = 4.31) compared to the correctly spelled word n + 1 (M = 4.53), F 1 (1, 43) = 4.81, p = 0.03; F 2 (1, 47) = 7.2, p = 0.01. However there was no significant difference in mean saccade lengths to word n + 1 when word n + 1 was misspelled (M = 7.57) compared to when it was spelled correctly (M = 7.69), F 1 (1, 43) = 2.03, p = 0.161; F 2 (1, 47) = 3.65, p = 0.062. Importantly, first fixation positions on word n + 1 were influenced by non-foveal orthography. Numerical differences in both saccade lengths and launch sites could have contributed to this effect.
Fixation positions: Foveal and non-foveal load
The analyses above show that both foveal processing difficulty (frequency of word n) and non-foveal orthography (spelling of word n + 1) influenced fixation positions on word n + 1. Importantly, there were no significant interactions between the spelling of word n + 1 and the frequency of word n for neither saccade lengths into, F 1 (1, 43) = 2.25, p = 0.141; F 2 (1, 47) = 2.02, p = 0.162, nor landing positions on word n + 1, F 1 (1, 43) = 1.51, p = 0.226; F 2 (1, 47) = 1.96, p = 0.168. Processing based accounts suggest that the effects of non-foveal characteristics on saccade targeting should be larger when the foveal word is easy to process. Note that there was no such reliable interaction, and in fact, any numerical differences that did occur (see Table 3 ) are in the opposite direction to the prediction of processing based accounts. Table 2 shows that there was a significantly greater probability of refixating word n when it was infrequent compared to when it was frequent, and a greater probability of refixating word n + 1 when it was misspelled compared to when it was spelled correctly. Table 3 shows the probability of making a leftward refixation on word n + 1. The first refixation 4 was significantly more likely to be to the left of the initial fixation position if it was misspelled compared to if it was spelled correctly, F 1 (1, 37) = 31.36, p < 0.01; F 2 (1, 41) = 53.44, p < 0.01, there were no effects of the frequency of word n (Fs < 1), and no interaction between spelling and frequency, F 1 (1, 37) = 3.27, p = 0.079; F 2 (1, 41) = 3.15, p = 0.083. Mean landing positions, incoming saccade extents and launch sites for saccades onto word n + 1 that were launched from word n. Standard deviations in parentheses. Probability of first refixating to the left of the initial fixation on word n + 1.
Refixations
3 In both Experiments 1 and 2, the frequency of word n, but not the spelling of word n + 1, influenced the probability of making a first pass refixation on word n. We also examined the probability of refixating word n directly before fixating word n + 1 and there were no reliable effects of spelling for either Experiment 1 or 2. Experiment 1 showed numerically more refixations directly before fixating word n + 1 when word n + 1 was misspelled, compared to when it was spelled correctly. However note that such a pattern would have been likely to produce nearer launch sites for misspelled compared to correctly spelled words, which is opposite to the pattern shown in Table 3 . Importantly, these different eye movement patterns did not influence the landing position or saccade length results. The results also hold for those cases in which a single fixation was made on word n directly before fixating word n + 1.
Discussion
In support of both the attraction and processing based accounts, first fixations landed nearer to the beginning of orthographically irregular (misspelled) compared to orthographically regular (correctly spelled) beginning words. That is, non-foveal preprocessing, at least at the level of orthography, can influence where words are first fixated. Furthermore, consistent with the attraction hypothesis and contrary to the predictions of the processing based accounts, non-foveal orthography (the spelling of word n + 1) influenced first fixations on word n + 1 regardless of foveal processing difficulty (frequency of word n). There was no significant interactive effect of the two variables.
There was also an effect of word frequency on subsequent saccade programming. Saccade lengths were shorter into and fixations landed nearer to the beginning of word n + 1 when word n was infrequent, compared to when it was frequent. There are at least two possible explanations for such an effect. First, in line with Hyö nä and PollatsekÕs (2000) account, when the foveal word n is difficult to process this reduces the extent of non-foveal preprocessing and consequently there is a shorter saccade to the non-foveal word n + 1. The second possibility is what we will refer to as the overshooting refixation account. McConkie, Kerr, Reddix, and Zola (1988) showed that saccades targeted to the centre of words from near launch sites tend to overshoot and land nearer the end of the word. It is quite possible that refixation saccades within words, which are generally short, also produce saccades that overshoot their targets. Consequently, some of the refixation saccades that were intended to land at the end of word n may instead have overshot and landed at the beginning of word n + 1. Note that in such cases word n must be fixated only once on first pass (assuming a single planned refixation) because the intended refixation mistakenly landed on the following word. The results show that refixations were more likely for infrequent than frequent words. Consequently such oculomotor error would be more likely to occur on trials in which word n was infrequent than when it was frequent due to the greater number of refixations. Such an account may explain why saccades into word n + 1 were shorter when word n was infrequent compared to when it was frequent.
The results of Experiment 1 also showed that the spelling of word n + 1 significantly influenced the direction of refixations on word n + 1. These results support previous studies showing that the characteristics of a word, such as its orthography, can influence the location of refixations (Pynte, 1996 (Pynte, , 2000 Pynte, Kennedy, & Murray, 1991; Underwood et al., 1988; Underwood, Hyö nä, & Niemi, 1987; ).
Experiment 2: Saccades to misspelled word previews
The experiments presented here used misspellings to create the strongest possible manipulations of orthography. However, the disadvantage of using misspellings is that once participants fixate the misspelled words normal reading is disrupted because of the processing difficulty induced by the spelling errors. To avoid this Experiment 2 used the same design and materials (slightly modified for American readers) to Experiment 1, but employed saccade contingent change methodology in order that the misspellings were presented non-foveally, but were replaced by the correctly spelled word before word n + 1 was directly fixated. A similar methodology was used by Pynte et al. (2004) . Experiment 2 tests the same hypotheses as those tested in Experiment 1.
Since the conditions in Experiment 2 are the same as those in Experiment 1 until word n + 1 is fixated, the effects of foveal difficulty (word frequency of word n) and non-foveal orthography (spelling of word n + 1) on fixations prior to fixation of word n + 1 and saccades into word n + 1, should be the same in both experiments. However after word n + 1 is fixated the experimental conditions in Experiment 2 are different to those in Experiment 1. In Experiment 2, there is a single letter change such that the misspelling can only be processed non-foveally before word n is fixated. In contrast, in Experiment 1 there was no change and so the misspelling could be processed both non-foveally (prior to fixating word n) and foveally (after fixating word n). As the misspelling is available for a reduced period of time, and only in non-foveal (reduced acuity) locations, it is anticipated that the effect of spelling on reading times in Experiment 2 will be smaller than that in Experiment 1.
Note that Experiment 2 is similar to the study of Henderson and Ferreira (1990) in that a high or low frequency word is followed by a word with either a correct or incorrect preview prior to fixation. The difference in reading times on words, which have a correct or incorrect preview can be used as a measure of non-foveal preprocessing, often referred to as preview benefit (Rayner & Pollatsek, 1989) . However, the present study is somewhat different to that of Henderson and Ferreira because the incorrect preview includes only one incorrect letter, rather than multiple letters being incorrect. If foveal load modulates non-foveal preprocessing of words containing a single incorrect letter in the same way as for words containing multiple incorrect letters, then Experiment 2 will show a similar interaction to that observed by Henderson and Ferreira. That is, the effect of the single letter change on gaze durations on word n + 1 will be larger when word n is frequent compared to when it is infrequent. Alternatively, it is possible that the interaction obtained by Henderson and Ferreira may not be found in Experiment 2. Assuming that we do obtain clear word frequency effects on word n, then a fail-ure to obtain an interaction has to be a consequence of the difference in the magnitude of the orthographic change in the non-foveal word. Recall that in the Henderson and Ferreira study several letters of the non-foveal stimulus were incorrect prior to direct fixation, whereas in Experiment 2 only a single letter of word n + 1 was incorrect before fixation. The failure to find an interaction would suggest that while foveal processing load modulates non-foveal preprocessing of multiple letter strings, the same does not apply to processing of individual letters within a non-foveal word.
A further interesting issue is that in Experiment 1 initial refixations were found to be more likely to be directed to the left of the initial fixation position for misspelled compared to correctly spelled words. However in Experiment 1 the misspellings were available both non-foveally and foveally and therefore it is unclear whether foveal inspection of the misspelled string is necessary to induce directional refixation differences. In Experiment 2, the misspellings were only presented in non-foveal vision. Therefore, if the spelling of word n + 1 influences refixation direction in Experiment 2 then the difference in the direction of refixations ought to be explained by non-foveal preprocessing of the misspellings, that is, refixation saccade programming can be based on non-foveal information. By contrast, if the spelling manipulation does not influence the direction of refixations in Experiment 2, then this suggests that the effects of spelling on refixation direction observed in Experiment 1 were due to foveal, rather than non-foveal, processing of the misspellings.
Method
Participants
Forty-four native American English speakers at the University of Massachusetts in Amherst received course credit or were paid to participate in the experiment. The participants all had normal or corrected to normal vision and were naïve in relation to the purpose of the experiment.
Apparatus
The apparatus was the same as for Experiment 1 except for the following: The sentences were presented on a NEC 4FG monitor with a refresh rate of 5 ms (200 Hz), therefore the display changes occurred within 5 ms of detection of the boundary having been crossed. The sentences were displayed at a viewing distance of 61 cm and 3.8 characters subtended 1°of the visual angle. Eye movements were monitored using a Dual Purkinje Generation 5 eye tracker.
Materials and design
The design was the same as Experiment 1. The materials were largely the same as in Experiment 1 except that some words and phrases had to be changed for American readers. For word n + 1 the spelling of the initial letters remained the same. Frequency counts were re-calculated using the American Francis and Kučera (1982) corpus. The frequent words had significantly higher frequencies in counts per million (M = 176, SD = 179) than the infrequent words (M = 2, SD = 3), t(47) = 6.72, p < 0.01.
Four lists of 98 items were constructed and eleven participants were randomly allocated to each list. Each list included 48 experimental items of which 12 items were from each of the four conditions. The conditions were rotated following a Latin square design. There were 50 filler items for which the words were spelled correctly when directly fixated. Thirty-two of the sentences were followed by a comprehension question to ensure that participants concentrated on understanding the sentences. The sentences were presented in a random order with six filler sentences at the beginning.
Procedure
The procedure was the same as for Experiment 1 except that participants were not instructed that the sentences might contain misspellings. The calibration procedure was similar to Experiment 1 except that there were just three horizontal calibration points. Calibration accuracy was checked after every trial and the eye-tracker was re-calibrated if the recordings were inaccurate. The experiment lasted approximately 35 min.
The saccade contingent boundary change technique was used (Rayner, 1975) . For every experimental sentence the invisible boundary was placed at the very end of word n. Before the boundary was crossed word n + 1 was either spelled correctly or misspelled. After the boundary was crossed word n + 1 changed to the correctly spelled version, for all of the conditions.
Analyses
The analyses were the same as in Experiment 1 except for the following: For each trial, regardless of the experimental condition, the time at which the display change occurred was compared to the time at which word n + 1 was first fixated. Trials were excluded if the display change was triggered early. In total, 14% of trials were excluded due to; display changes happening too early; tracker loss or blinks on first pass reading of word n or n + 1; and zero reading times on the first part of the sentence.
Results
The results were analysed in the same manner as for Experiment 1. The mean error rate on the comprehension questions was ten percent, indicating that participants properly understood the sentences.
Reading time measures
The gaze duration results for word n in Experiment 2 followed the same pattern as for those in Experiment 1 (see Table 2 ). However in Experiment 2 the spillover fixation after word n and the gaze duration on word n + 1 were longer when word n was infrequent compared to when it was frequent. In contrast to Experiment 1, these results support previous studies showing effects of word frequency both on the word itself and for measures of spillover (Kennison & Clifton, 1995; Rayner & Duffy, 1986) . Importantly, similar to Experiment 1, the manipulation of foveal load was clearly effective. Table 2 shows that gaze durations were longer on word n + 1 when there was a single letter change, compared to when there was no change. Similar to the findings of Pynte et al. (2004) , this result suggests that preprocessing of non-foveal words is sufficiently comprehensive that reading time measures are sensitive to a change in just one character. In line with the findings of Drieghe, Rayner, and Pollatsek (2005) for three letter words, there was no interaction between frequency and single letter change for gaze durations on word n + 1. These results suggest that the effects of a single letter change are not modulated by the difficulty of the previous word. There was no effect of the single letter change on the following spillover fixation duration. Therefore the effect of a single letter change on reading times is small and short lived compared to mispellings that are presented both non-foveally and foveally as in Experiment 1. Table 3 shows the mean landing positions and saccade lengths for word n + 1 for saccades launched from word n. There was no significant difference in landing positions on word n + 1 when word n was infrequent (M = 4.19) compared to when it was frequent (M = 4.35), F 1 (1, 43) = 3.8, p = .058; F 2 (1, 47) = 2.27, p = 0.138. Saccades to word n + 1 from word n were significantly shorter if word n was infrequent (M = 7.68) compared to when it was frequent (M = 7.86), F 1 (1, 43) = 4, p = 0.05; F 2 (1, 47) = 3.97, p = 0.05. Similar to Experiment 1, interword saccade lengths were reduced by increased foveal processing difficulty.
Fixation positions: Frequency of word n
Fixation positions: Spelling of word n + 1
Mean first fixation landing positions were significantly nearer the beginning of the misspelled word n + 1 (M = 4.11) compared to the correctly spelled word n + 1 (M = 4.43), F 1 (1, 43) = 13.71, p < 0.01; F 2 (1, 47) = 24.89, p < 0.01. Mean saccade lengths to word n + 1 were also numerically shorter if word n + 1 was misspelled (M = 7.66) compared to when it was spelled correctly (M = 7.88), with this difference significant across items, F 2 (1, 47) = 7.14, p = 0.01, but marginal by participants, F 1 (1, 43) = 2.78, p = 0.103. Therefore, misspelled previews of word n + 1 produced first fixations nearer to the beginning of word n + 1 compared to when it was spelled correctly. There were marginally significant differences in saccade lengths, and also launch sites, 5 that could have contributed to the difference in landing positions on word n + 1.
Fixation positions: Foveal and non-foveal load
The analyses above show that both foveal processing difficulty (frequency of word n) and non-foveal orthography (spelling of word n + 1) influenced saccade lengths into or fixation positions on word n + 1. There were no significant interactions between the spelling of word n + 1 and the frequency of word n for saccades launched from word n, for saccade lengths (Fs < 1) or landing positions, F 1 < 1; F 2 (1, 47) = 1.43, p = .238. Therefore both Experiments 1 and 2 show no interaction between foveal load and non-foveal orthography for measures of saccade targeting.
Refixations
Similar to Experiment 1, Table 2 shows that both the frequency of word n and the spelling of word n + 1 influenced refixation probabilities on word n and word n + 1, respectively. Table 3 shows the probability of making a leftward refixation on word n + 1. There were no effects of spelling, frequency or an interaction between spelling and frequency for the probability of refixating to the left 6 on word n + 1 (Fs < 1). Experiment 1 showed an effect of spelling (presented non-foveally and foveally) on the direction of refixations but Experiment 2 showed no such effect of spelling (presented only non-foveally). These results suggest that foveal information is necessary in order for linguistic information to influence the direction of refixations.
Discussion
The saccade targeting results for Experiment 2 are consistent with those of Experiment 1. First, as predicted by both the attraction and processing difficulty accounts, first fixation positions landed nearer to the beginning of word n + 1 when it was misspelled compared to when it was spelled correctly. Secondly, in support of the attraction account, but contrary to the predictions of the processing difficulty explanation, there was no evidence of an interaction between the fre-5 Table 3 also shows mean launch sites for saccades directed to word n + 1 that were launched from word n. In Experiment 2, for launch sites prior to fixating word n + 1, there was no influence of the frequency of word n (Fs < 1), a marginal effect of the spelling of word n + 1, F 1 (1, 43) = 5.27, p = 0.03; F 2 (1, 47) = 3.58, p = 0.064, and no interaction between these variables (Fs < 1). 6 The analyses of refixation direction were based on 33 participants and 39 items because 11 participants and nine items did not produce refixations on word n + 1 in all four of the conditions. quency of word n and the spelling of word n + 1 on saccade lengths into or first fixation positions on word n + 1. That is, regardless of foveal processing load, non-foveal orthography influences where words are first fixated. Thirdly, saccade lengths were shorter into word n + 1 when word n was infrequent compared to when it was frequent. Experiment 2 produced a number of other interesting results.
In Experiment 1, word frequency influenced reading times localised only to the frequent or infrequent word, however in Experiment 2 word frequency also influenced reading times on the following word. Similar to the present study, previous studies show that word frequency sometimes produces spillover effects (Kennison & Clifton, 1995; Rayner & Duffy, 1986 ) and sometimes does not (Henderson & Ferreira, 1990 , 1993 Raney & Rayner, 1995) . Note that the spillover effects that occurred in Experiment 2 not only occurred for the incorrect preview condition, but also for the correctly spelled conditions. The fact that the spillover effects are absent for the correctly spelled conditions in Experiment 1 suggests that direct fixation of misspelled words alone did not eliminate spillover. However it is possible that the presence of visible misspellings during the experiment could have led to strategies (such as searching for misspellings) that may have eliminated any frequency spillover effects.
7 Note also that the time course of various linguistic influences on eye movements during reading is often found to vary between experiments and laboratories, and the factors that contribute to such variability are currently unclear.
Experiment 1 showed numerically larger effects of spelling on reading time measures on word n + 1 compared to Experiment 2. Also, Experiment 1 produced spillover effects of spelling on the following word whereas Experiment 2 produced no such spillover effects. These results suggest that the effects of spelling on reading times are large and long lasting when the spellings are directly fixated (Experiment 1) whereas when the spellings are only available prior to fixating the word the effects are short lived (Experiment 2). Clearly, presenting misspellings exclusively non-foveally produced much less disruption to reading than presenting them both non-foveally and foveally. These results are consistent with the notion that fixated text has a much greater influence on processing than non-fixated text (Rayner & Bertera, 1979; Rayner, Inhoff, Morrison, Slowiaczek, & Bertera, 1981 ; but see .
The effect of the single letter change on gaze durations in Experiment 2 provides a measure of the extent to which the single misspelled letter was nonfoveally preprocessed. Foveal load did not modulate the magnitude of the single letter change effect on gaze durations on word n + 1. These results contrast with previous reading time studies that have shown that foveal load does modulate non-foveal preprocessing (preview benefit). Importantly, however, in contrast to the present experiment, in all these studies the incorrect preview contained multiple incorrect letters relative to the target (Henderson & Ferreira, 1990; Kennison & Clifton, 1995; Schroyens et al., 1999; White et al., 2005) . Clearly, the different pattern of results that we obtained in the present study has to arise as a consequence of the reduced degree of orthographic change between the preview and target word. The present results are consistent with the suggestion that foveal load does not modulate preprocessing of individual letters, but it does modulate preprocessing of multiple letter sequences. To be clear, we are tentatively suggesting that during non foveal preprocessing of text, there is an initial stage during which at least some of the individual letters of word n + 1 are uniquely visually processed, and possibly, their individual abstract orthographic representations activated. Subsequent to this stage, letter sequences (rather than individual letters) may be processed at higher, more abstract, linguistic levels of representation. Our suggestion, then, is that foveal processing load may modulate non foveal processing of letter sequences, but not of individual letters.
The influence of non-foveal orthography on saccade targeting necessarily involves preprocessing of multiple letters (in order that an orthographically irregular letter sequence may be detected). The results from both Experiments 1 and 2 clearly indicate that modulation of multiple letter preprocessing by foveal load (as shown by Henderson & Ferreira, 1990) does not generalise to saccade targeting. Such qualitatively different findings for reading times and saccadic targeting is consistent with the well established notion that different processes determine when and where the eyes move during reading (Radach & Heller, 2000; Rayner & McConkie, 1976; Rayner & Pollatsek, 1981) .
Finally, in contrast to Experiment 1, Experiment 2 showed no effects of spelling preview on the direction of initial refixations on word n + 1. These results suggest that the effects of spelling on refixation direction in 7 A possible explanation for the longer lasting frequency effect in Experiment 2 compared to Experiment 1 could be to do with the particular low frequency words that were used to induce the processing load manipulation. The stimuli used in Experiment 1 were originally designed for British readers who were tested at Durham. These sentences were subsequently adapted for Experiment 2 in which US readers were tested. We were very careful to conduct a familiarity pretest on ten participants to ensure that the US readers were familiar with the infrequent words that were used in the study. Any words that were rated as being very unfamiliar by two or more participants (on a 7 point scale) were replaced. However, despite our efforts to ensure similar levels of familiarity with the low frequency words between the two experimental groups, it is still possible that overall, US readers were less familiar with the low frequency words than the UK readers. Experiment 1 are due to foveal, rather than non-foveal, processing.
General discussion
Experiments 1 and 2 both show that non-foveal orthography has a small but reliable influence on where words are first fixated. Furthermore, the influence of non-foveal orthography on fixation positions is independent of foveal processing difficulty. 8 The results also show that foveal processing difficulty produces shorter subsequent interword saccades and that the foveal (Experiment 1), but not non-foveal (Experiment 2), presence of misspellings influences the direction of refixation saccades. The implications of each of these results will be discussed in turn.
First, in support of previous sentence reading studies (Hyö nä, 1995; Radach et al., 2004; Vonk et al., 2000; and both attraction (Beauvillain & Doré, 1998; Findlay & Walker, 1999; Hyö nä, 1993; Hyö nä & Bertram, 2004; Pynte et al., 2004) and processing based (e.g., Hyö nä & Pollatsek, 2000) accounts of saccade programming in reading, first fixations landed nearer to the beginning of orthographically irregular (misspelled) compared to orthographically regular (correctly spelled) beginning words in both Experiments 1 and 2. That is, in Experiment 2, even though the misspelled words were never directly fixated, non-foveal preprocessing of the orthography of word n + 1 influenced initial fixation positions. Although mean differences in saccade lengths could partly explain the difference in landing positions, there were no reliable differences in either saccade lengths or launch sites, which together must ultimately explain the difference in landing positions.
Secondly, in support of the attraction hypothesis non-foveal orthography (spelling of word n + 1) influenced first fixation positions regardless of foveal processing load (frequency of word n). In contrast, processing based accounts, which suggest that orthographic influences on fixation positions are related to ongoing linguistic processing, might have more difficulty explaining this result. For example, Hyö nä and PollatsekÕs (2000) processing difficulty hypothesis predicts that there should have been an interaction such that the effect of non-foveal orthography (spelling) on landing positions was larger when foveal processing was easy (frequent word n) compared to when it was difficult (infrequent word n). Note that such predictions assume that foveal and non-foveal linguistic processing impact on the same cognitive processor and that there is preferential or serial processing of the foveal word over the non-foveal word. Although a processing based account may not explain effects of orthography on saccade targeting, such an account may still be suitable to explain other phenomena such as morphological influences on where the eyes move (Hyö nä & Pollatsek, 1998 , 2000 .
Importantly, the absence of an interaction between foveal difficulty and non-foveal orthography on fixation positions is inconsistent with any account suggesting that the influence of non-foveal orthography on saccade targeting is limited by general processing load. As a result, if more detailed models of eye movements in reading were to attempt to explain orthographic influences on fixation positions, then they may have to do this independent of any non-foveal resource limited preprocessing system.
A third important finding is that saccade lengths from word n to word n + 1 were significantly shorter when word n was infrequent compared to when it was frequent. As explained in the Discussion for Experiment 1, there are at least two possible explanations for this effect. First, according to Hyönä and PollatsekÕs (2000) account, foveal processing difficulty reduces non-foveal preprocessing and consequently shortens saccades to the following word (regardless of the orthographic characteristics of that word). Secondly, the results might be explained by more refixations overshooting to word n + 1 when word n is infrequent compared to when it is frequent. Although we can not discount the possibility that this result reflects an influence of foveal load on saccade targeting, there is clearly a plausible alternative interpretation based on oculomotor error.
Finally, the experiments presented here also produced interesting results related to the nature of refixations. In support of previous studies showing that orthography can influence the location of refixations (Pynte, 1996 (Pynte, , 2000 Pynte et al., 1991; Underwood et al., 1988; Underwood et al., 1987; , Experiment 1 showed that the presence of misspellings influenced the direction of refixations on word n + 1. Importantly, there were no such effects in Experiment 2 in which the misspellings were presented non-foveally but not foveally. These results suggest that the effects of spelling on refixation direction in Experiment 1 are due to foveal, rather than non-foveal processing. Note that Hyönä and PollatsekÕs (2000) processing difficulty 8 An additional analysis was undertaken of mean landing positions on word n + 1 with Experiment as a between subjects and within items variable. Consistent with the separate results from each Experiment, fixations landed significantly nearer the beginning of word n + 1 when it was misspelled, compared to when it was spelled correctly, F 1 (1, 86) = 16.33, p < .001; F 2 (1, 47) = 27.55, p < .001, and when word n was infrequent, compared to when it was frequent, F 1 (1, 86) = 8.17, p < 0.01; F 2 (1, 47) = 6.21, p = 0.02. Importantly, there was no interaction between the frequency of word n and the spelling of word n + 1 (Fs < 1). There was also no reliable effect of Experiment, F 1 < 1; F 2 (1, 47) = 4.94, p = 0.03, and no interactions between Experiment and frequency (Fs < 1), Experiment and spelling (Fs < 1), and no three way interaction between Experiment, frequency and spelling, F 1 (1, 86) = 2.25, p = 0.137; F 2 (1, 47) = 3.08, p = 0.086. hypothesis cannot explain differences in the direction of refixation saccades. However the attraction account might explain the effect of orthography on refixation direction by saccades being directed to salient letter sequences (Hyö nä, 1993) .
